Abstract: A simple, rapid, highly sensitive and new simultaneous spectrophotometric method is proposed for the analysis of chromium(VI) and vanadium(V) without separation by using 3,4-dihydroxybeznaldehyde isonicotinoyl hydrazone (3,4-DHBINH). The reagent reacts with the two metal ions in acetic acid-sodium acetate buffer of pH 5.5 and gives maximum absorbances at 400 nm and 360 nm for chromium(VI) and vanadium(V), respectively. Both the metal ions gives 1: 1 (M:L) complexes with the reagent. Effect of various diverse ions also studied. The instability constants for the two complexes were also evaluated. This method was successfully applied for the determination of chromium(VI) and vanadium(V) in various spiked samples. The validity of the method was checked by comparing with the results obtained by atomic absorption spectrophotometry.
Introduction
Chromium exist in natural water in two stable oxidation states, Cr(III) and Cr(VI). Among these two predominant forms, Cr(III) is considered to be essential to mammals for the maintenance of glucose, lipid and protein metabolism, where as Cr(VI) is a toxic and carcinogenic form [1] [2] [3] . Chromium compounds that are inhaled have been linked with lung cancer, while those ingested can cause kidney and liver damage 4 .
It is known that an increase in the content of chromium in soils makes them infertile and that the toxic effect depends on the oxidation state of chromium. On the other hand, the introduction of chromium salts into soils have been some positive effects due to activation of some bio-chemical processes 5 .Cr(VI) compounds toxicity derives from its ability to diffuse through cell membrane and oxidize biological molecules 6 .
Because of the above reasons the determination of chromium in environmental and biological samples is of great interest. Determination of Cr(VI) in micro quantities is of interest to analytical chemists. Although AAS is the most common method of chromium detection. Besides AAS, number of other methods have been reported for Cr(VI) determination such as NAA, ICP-MS, ICP-AES [7] [8] [9] . Moreover, such techniques are usually not available in most laboratories. Because of expensive cost of the above instruments most of the researchers are still interested in colorimetric and spectrophotometric methods [10] [11] [12] [13] .
A numerous reagents were reported for the spectrophotometric determination of Cr(VI) and V(V) [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . However, the mutual interferences of these two ions make very difficult for the simultaneous determination.
The present paper describes a highly sensitive, simple, inexpensive and comparable selective method for the direct simultaneous spectrophotometric determination of Cr(VI) and V(V) without separation by using 3,4-dihydroxybenzaldehyde isonicotinoyl hydrazone(3,4-DHBINH). The present method has been applied for the determination of Cr(VI) and V(V) in various spiked samples. 29 Equimolar quantities of 3,4-dihydroxybenzaldehyde (dissolved in alcohol) and isonicotinichydrazide (dissolved in water) were taken in a 500 mL round bottom flask and refluxed for 2-3 h. The contents were cooled and then filtered. The product (Scheme 1) obtained was washed with aqueous methanol and finally recrystallized from rectified spirit. The purity of the reagent was checked by TLC and melting point analysis (m.p. 218 -219 0 C).
Experimental

Preparation of 3,4-Dihydroxybenzaldehyde isonicotinoyl hydrazone
It is evident from IR spectrum (Figure 1 ) that, C=N group is present in the compound because the peak appears at 1600 cm -1 . C=O(Stretching) amide peak appears at 1656.9 cm -1 .-OH group peak appears at 3484.6 cm -1 , -NH peak appears at 3245 cm -1 . From the above data it is confirmed the formation of 3,4-dihydroxybenzaldehydeisonicotinoylhdrazone. A 0.1 mol L -1 stock solution was prepared by dissolving 2.57 g of 3,4-DHBINH in 40% aqueous dimethyl formamide(DMF). 
Preparation of a stock solution of chromium(VI)
Stock solution (1180 µg.mL -1 of Cr(VI)) was prepared by dissolving potassiumdichromate (99.9% pure ,Glaxo) in de-ionized water. The remaining solutions were prepared by appropriate dilutions of the standard.
Preparation of a stock solution of vanadium(V)
The stock solution (1.0x10 −2 mol L −1 ) was prepared by dissolving 1.17 g of ammonium metavanadate in one litre of double distilled water and standardized by the iron(II) method 30 volumetrically. Lower concentrations of the metal ion are obtained by suitable dilution of the stock solution.
Apparatus
A recording spectrophotometer (model Hitachi U-2000) was employed in photometric studies. A Perkin-Elmer 2380 atomic absorption spectro-photometer was employed for the comparison of the results of samples. A digital pH meter (model Elico LI -129) was used for measuring the pH of solutions.
Buffer solutions
Solutions of 1.0 mol L -1 sodium acetate and 1.0 mol L -1 acetic acid were prepared in double distilled water. Suitable portions of these solutions were mixed to get the desired pH of the solution.
Results and Discussion
Absorption spectra
The absorption spectra of V(V)-3,4-DHBINH and Cr(VI)-3,4-DHBINH complex was recorded against the reagent blank. Similarly the absorption spectrum of the reagent (3,4-DHBINH) was recorded against solvent blank. The absorption spectra of both the complexes and reagent were shown in (Figure 2 ). From the absorption spectra it is clear that the V(V)-3,4-DHBINH and Cr(VI)-3,4-DHBINH complexes and reagent have shown maximum absorptions at 360 nm, 400 nm and 340 nm, respectively. The reagent has minimum absorbance at the maximum absorbance of the complexes. The reagent absorbance at the maximum absorbance of metal complexes was further suppressed using suitable concentration of reagent as blank and further absorbance measurements were made at 360 nm for V(V) complex and at 400 nm for Cr(VI) complex. were prepared. The absorbance of these solutions was measured at 400 nm for chromium(VI) complex and at 360 nm for vanadium(V) complex. From the graph plotted between the amount of metal ion and its absorbance can be observed that a linear plot passing through the origin obeys Beer's law in the range 0.5-7.7 µg mL -1 of chromium(VI) and 0.5-5.3 µg mL -1 of vanadium(V).
Molar absorptivity, Sandell's sensitivity and correlation co-efficient
The molar absorptivity and Sandell's sensitivity of Cr(VI) complex was calculated to be 1.3513x10 4 L mol -1 cm -1 and 0.0075 µg.cm -2 , respectively. The molar absorptivity and Sandell's sensitivity of V(V) complex was calculated to be 1.29x10 4 L mol -1 cm -1 and 0.003949 µg.cm -2 , respectively.
The correlation co-efficient of the Cr(VI)-3,4-DHBINH and V(V)-3,4-DHBINH complexes was 0.99 and 0.992, respectively which indicate an excellent linearity between the two variables.
Precision and accuracy of the method and detection limit of the method
To assess the precision of the method, determinations were carried out with different concentrations of chromium(VI) and vanadium(V) under optimum conditions. The standard Wavelength, nm Absorbance Simultaneous Spectrophotometric Determination S463 deviations were found to be not more than 0.0021 and 0.00158 for chromium(VI) and vanadium(V), respectively. The relative standard deviations were less than 0.728% and 0.424%. It is evident from these results, that the method is precise, besides being accurate. The detection limits of chromium(VI) and vanadium(V) were found to be 0.0045 µg mL -1 and 0.01677 µg mL −1 , respectively.
Calculation of instability constant
The 
Composition of the complexes
Effect of foreign ion in the determination of chromium(VI)
The effect of foreign ions on complexation was studied by taking 1.0 mL of Cr(VI) solution, 1.0 mL of required concentration of the foreign ion solution, 4.0 mL of buffer (pH = 5.5) and 2.0 mL of 3,4-DHBINH solution in a 10.0 mL standard flask. The total volume of the solution was brought to 10.0 mL with double distilled water. The experiment was repeated by changing the concentration of the diverse ion. The absorbances were measured at 400 nm. A change of ± 0.02 was taken as the tolerance limit for interference. The interference of various ions in the determination of chromium is reported in Table 1 . 
Applications
The rapidity of color development with 3,4-DHBINH is an advantage in analyzing various samples, in which chromium(VI) and vanadium(V) can vary over a wide range. The proposed method has been applied for the determination of chromium(VI) and vanadium(V) in synthetic water samples. The results are in perfect agreement with those obtained by direct atomic-absorption spectrometry (AAS).
Determination of chromium (VI) in synthetic water samples
Various synthetic water samples were prepared 31 and the amount of chromium present in the sample solutions were determined by applying the general procedure. The results are compared with those obtained with AAS. The results are reported in Table 2 . 
Simultaneous determination of Cr(VI) and V(V) in synthetic water samples
Various synthetic water samples were prepared and the amount of chromium(VI) and vanadium(V) present in the sample solutions were determined by applying the general procedure.
The results are compared with those obtained with AAS. The results are reported in Table 3 . 
Conclusions
The rapidity of color development with 3,4-DHBINH is an advantage in analyzing various samples, in which chromium(VI) and vanadium(V) can vary over a wide range. When compared to the other existing methods, the developed method retains specific interaction of chromium(VI) and vanadium(V) with 3,4-DHBINH to form a colored complex and has good sensitivity at room temperature without the need of extraction. The uses of organic solvents, which are generally toxic, are avoided in this proposed method. The proposed method has significant advantage over the other spectrophotometric methods in terms of simplicity, sensitivity and free from interfering ions. This proposed method has good precision and accuracy. This method has therefore been successfully applied for the simultaneous determination of chromium(VI) and vanadium(V) synthetic water samples and the results disclosed are in good agreement with the results obtained by AAS.
